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31CLAIMS. 

A process for preparation of slow release catipnic micronutraent fertilizers, which processes 
comprises heating at least one micronutrient metal or a compound thereof such as herein 
described with or without additives such as herein described with phosphoric acid till the 
resultant mixture is mostly homogenous, furAer heating to corresponding metal 
polyphosphates of such a degree of polymerisation that they are still soluble in dilute mineral 
acids and complexants, treating said metal polyphosphates with a basic compound and finally 
obtaining a dried powder 
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TITLE 

t 

4 process for the manufacture of slow- 
itelease f ertilizertf- 



APPLICANT 



CHANDRIKA VARADACHARI, an Indian National 
of 4A Ratnabali, 7A Judges Court Road ^ 
Allpore^ Calcutta-700 02i 



The following specification particularly describes the nature of the 
invention and the manner in which it is to be performed 



FIELD OF. INVENTION 



This invention relates to a procesg for the 



manufacture of slow-release f er t i 1 i iei^^ • of cationic 
micrdnutri^nts such as zinc, copper r^i/oh , manganese^ 
cobalt oi^ magensium, either as si ngle ""'^^^^M^ 



as mul tinutrient formulations. 

BACKGROUND OF INVENTION 

Compounds which are widely used today as 

mixrcapyfcri^O^ 1 i zgr s^^. are ,sol^!'lf,,,^t!^,-. 

organic chelated forms eg., zinc, copper, manganese 
or iron sulphates, and EDTA,, complexes of the same. 
Liquid fertilizers such as micronutr ients dissolved 
in condensed phosphoric acid or ammonium 

polyphosphates are also used <V. Sauchelli, 1967, 

Chemistry and Technology, of Fertilizers, Reinhold, 
New York;; "B.H. Collins, 1355, Commercial Fertilizers, 
McGraw Hill, New York). The synthesis of slow- 
release fertilizers based on phosphate glasses known as 
frits, have been described. Such frits are usually 
prepared by fusing ammonium or sodium dihydrogen 
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phosphates with mi cronutr ient salts to produce a 

. • . d o 

melt, at jtemperatures between 800 and 1400 C and 

th&n rapidly cooling the liquid by pouring on to a 

cold pljate CG.J. Roberts, 1973, Am. Cerf»m, Soc . 

I • 

Bull., Vfol 52, p.. 383, ibid- idem. Vol. 54 , p 1069. 

i Of 1?75 

Austrian I Patent No. 32G16<yuS Patent No. 3574531 of 
1971, US iPatent No. 2713536 of 1974. 

•i" * 
Apart from phospliate glasses, other phosphate 

compounds have also been proposed as- slow-release 

f er ti 1 i zeirs. These include micronut r ients added ' to 

metaphosphate?; of potassium or calcium prior to 

reaction.! Volfkovich et al., <S-I. Volfkovich, A.S. 

Cherepandva, I .A. Grishina ^. G.A- Bitko, 1970, D. 

Zh. Nauiki Kaz SSR (Russian^ p. 3) added various 

metal oxides to potassium metaphosphate melts. 

Volfkovich reviewed the work done by the Rus<6ian 

school i in the filed- of metaphosphate based 

fertilizejrs , <S.I. Volfkovich, 1972,^ J. Appl. Chsffl 

• . ' • • ■ 

CUSSR>. i/ol. 45, p.2479>. A Russian patent <SU 
of 1986 , 

1270148:/: describes the production of such mix«d 

6 

metaphosphate based fertilizers produced at 550 



of 1990 

880%. Two Indian Patents (Nos. 172800/and 177205 of 
1991) describe the processes for production 
zinc and copper fertilizers based on low molecular 
weight; polyphosphates. The chemistry of zinc and 
copperj phosphate polymerisation and the chemical 
nature! of these fertilizers have also been 
described <S.K. Ray, C. Varadachari «c K. Ghosh, 1993, 
Ind. : Eng. Chem. Res., Vol. 32, p. 1218; S.K.Ray, C 
Varadachari K. Ghosh, 1997, J. Agric. Food Chem., 

Vol . , 45, Pi 1447) . 

The major drawbacks of using soluble salts 
(such, as sulphates), as micronutrients fertilizers 
are, lieaching losses, chemical transformation losses, 
ground water contamination and low fertilizer-use 
efficiency. On the other hand, mi cronutr lent 

fertilizers having slow-release properties do not 
suffer any of these disadvantages. However^ both 
the iexisting types of slow-release fertiliz«rs 
incorporating micronutrients, are not commercial ly 

successful so far. 

The major disadvantage of the first group of 
compounds viz. the phosphate glass frits, Is that 



I 



ithe i process for their production is not 

commercially wable; the reaction condit ions / i n the 
-eltingj of phosphates, are so corrosive that very 
expensive material have to be used for furnace 
construction thereby limiting large scale production 
^nd increasing product costs. The major disadvantage 
of the second group of compounds viz. the long chain 
metaphosphates is their excessive- insolubility 
particui:arly in co.,piexant^,, which r^nd^rs ^h^ 

micronul^rient ions mostly unavailable for plants. 
The mosit important factor here is that both these 
two types of phosphate based slow release 
fertilizers are essential ly macronutrient (N, P or K) 
fertilizers containing micronutr ients as 

supplements. There is no process available as yet 
for making a slow-release fertilizer that is 
essentially a source of microiiutr ients and which can 
thereby replace the conventional water-soluble 
micronutr ient fertilizers. 



OBJECTS OF THE INVENTION 

Ah object of this invention is to propose a 
process: for the manufacture of slow release 
fertilijsers of cationic mi c r onu t r i ents hc*?ving a 
substantial reduction in production time for the 

initial; reaction stage between phosphoric acid and 
mi cronutr ient compounds. 

Another object of this invention is to propose 
a process for the manufacture of slow release 
fertilizers of cationic mi cronutr ients and which 
a simple ^me^t^ assessing the upper limit 

of polymerisation whereby the process is rendered 
extremeliy flexible as regards choice of 

temperaijure for polymerisation and components in 
reacting mixture. 

Yeit another object of this invention is to 
propose : a process for the manufacture of slow 
release \ fertilizers of cationic mi dronutr ients and 
wherein ; a wide range of starting materials may be 
used ;in widely ranging proportions and the 



fiolymei^isat ion can be carried out at any convenient temperature- 

i . . ■ . ■ ■ • ■ ■ • ' 

I Still: another object of this invention is feo propose a 

process for the manufacture of slouj re 1 ease of.. 

qst ionic micronutrients which is simple, requt^'i^]^^ lower - energy 

ijiiputs than alii previous processes and is rei|mjj^?^ i^o^i^g^^^ 

wade range of micronutr i ent formulations. ^^^^^Sl^ll^^^'"^" 



DESCRIPTION OF THE INVENTION 



Accordino to this invention there is provd^ed a process 
for the preparation of slow-release cat ionic micronutr i ent 
fertilizers, which comprises in heating at least one 
micronutri ent metal or a compound thereof, with or without 
additives, with phosphoric acid till the resultant mixture is 
nearly homogeneous, further heating to form metal polyphosphates 
erf such a degreie of polymerisation that they are still soluble in 
dilute mineral acids and complexants, treating said metal 
polyphosphates with a basic compound and finally obtaining a 
dried powder. 

Compound of the micronutr ient element such as their 

o>;ides, hydroxides, carbonates, sulphates or chlorides are mixed 

with phosphoric acid and heated to a temperature T above 

1 

o 

150 to remove e?icess water and allow completion of reaction. 
This reaction may also be carried out under vacuum, at 
temperature lower than 150°- The dihydrogen phosphates are then 



jfurther heated to a temperature T which is above temperature T 

!'•■■• .2 ■ 1- 

ibill polyphosphaties of the desired degree of polymerisation are 

• i ' ' s . • 

produced as obsejrved by their solubility characteristics or 
average chain jlength estimates- The polyphosphates are 
subsequently neutralised with bases like ammonia, lime, e^odium or 

i ■ I 

potassium hydro«i:de. The product is dried at low temiiet*ature 
powdered and sieved, 
j i<i) Zinc Fertilizerfs 

I ! . ■ it 

Starting materials include zinc o>«ide (containing upto 

[79% Zn), zinc metal (containing upto 99.99% Zn), zinc ash 

|(containing zinc ioxide and metallic zinc in variable amounts), 

Izinc sulphate (qontainng up to 40.5% Zn) or zinc chloride 

j (containing upto : 47.9% Zn ) - The zinc raw material is added to 

I 

I phoBphoric acid (containing not more than 60^* P O ) so that the 

; • " 2 S . 

: molar ratio of Zns:P in the mi>jture is at least ls2 (weight ratio 

I • . ■ 

11. : 

I ;Zn:P is at least) 1.05:1). The optimum molar ratio of ZnsP is 
;ls2„ With P lesiels highe?*^ than this the initial reaction is 
ifaster but at the same time more acid groups will remain in the 

I polyphosphate andithis will requrie more base for neutralisation.. 

I Almost any grade ;of acid can be used for the reaction. However, 

fertilizer grade phosphoric acids containing about 30-60X P 0 

2 5 

are suitable and since acid containing about 50K P O is 

2 5 

the most commonly available this is preferred for the 
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rNejisction. The mixture of zinc compounds and phosphoric acid is = 
tajcen in a porcelain crucible or a tray made of SS 316L, placed 
ini a muffle furnace and heated at any temperature at^^^^lfe^^^ 
hij^her temperaKires evaporation i© faster, ^^^e optimum 



temperature is determined by the nature of the i|||ii|pf|m#Kt used / 
for evaporation^, Thus, in a muffle furnace 170 C i s^l^^^fpliili,^^^^ 
cc3mmerciaa driers like a spray drier input temperatures of abouit/ ^^^ 



o 

400 C may be needed but the duration of heating is very srniill and 

• - •■ ." ■ 1^ D^.^ '' 

prbduct temperatures donot e>?ceed 200 C. When e vapora|;ihMn is done 

; unfJer partial vatuum reaction temperatures may be reduced. After 

u WlJi.. J^egcti^^ Jh©. R^qtiyc:^ contains mostly zinc dihydrooen 

phpsphate; some sulphate or chloride may also be present if such 

raw flfiaterials hkve been used. This product is further heated at 

o 

any temperature! above 1S0 C for polyphosphates to form. Here 

again, the temfjerature used for polymerisation depends on the 

o 

equipment used for the reaction. In a muffle furnace 350 C is 

o 

opitimum. If a flUidised bed furnace is used 400 C is preferred. 

Hejating is done jbill a polyphospate of the desired degree of 

polymerisation ife obtained. When such reaction is carried out in 

trays or simi 1 ari vesse 1 s about 60 min is required at 350 C 

furnace temperatures. When the reaction is done in a fluidised 

d 

bed furnace only about 15 min is required at 400 C furnace 



temperatures- the product is tested at periodic intervals for 



''re j" rr. 

\ ! 
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ad 



i be n 

I 

rh(? 



..,Jn.M..ti=n ».V .e stopped at any »t.,e v..e.e.n t.. Product 

,h. ^.ts. .olubility in th. .fo,-,.,ld r.„.nt.i th. product 

*.erved mostly to d...olve in the=. r.a«.nt, _wi»,hi..n . 

optl— po|y-.r»..»ioo ...9. i. that »^.t*f to th. 

„„,Lon o. * P-oduci «hicn .i,n*«cantxy ined^aPIe in th. 

..hU and co»p:..antB ..ntion.d abo.., in =th.. „ord=, tHe , 

P*..Ulct .ha. reached the upp.r ii^it oi it, soXubiiity in, the.. 

.;,Unt.. Sub.e,u.ntiy, th. r.a.tioh product i, cool.d to roo., 

...lUatur., ..d. into a ,iurry .ith .at.r and .i.ed »ith a».»onia 

«JJti„.,. -0 sodiu. carbonate <soda 

. , po::,.iu. c.;bon.te: =odiu; hydro.i-^ a.- ,.po.~ - 

^ ' . H»cv.« Bre added to raise the pH of the slurry 

HyUil-oxide. Enough bases si e aaaea 

.c, «,et».eh 3 and 4. Too litti. ba„ »iii r..u.t in a hydroscopic 
„,,duct. TOO ™uch o. ba.. ha, no particular .d..nta,, and ™.y 

nr.r.«L After neutral iBinci, when 
,„...ipitate of some of the =.nc xons. After 

i . «4.=»Hi 1 i^^ed. the material x& driea 

Ii;i1iei pH has ©tabilxsea, 

=»nH sieved- preferably 

i ' 4 z.r4 C It iB then ground and ©leveu, h 

. ■ • ■ ' 

'tk'<t&*^ mesh B.S. ! 

(ll) Copper fertilizers 

1 4r,r-ludB the hydroxide carbonate. 
Starting materials include tne ny 

Ho «f the cupric ion containing up to 49.9*/., 
sulphate or chloride of the cup 

2..4. and 47... Cu respectively. The copper . raw material 



i 
i 

Ti l j 



i«i !a|id(?d to phosphoric: acid <cantaining up to of P O ) so 

.25- 

tliwjfc! the molar ratio of Cu:P is l32 or higher (weight ratio of 
P\ :i!=> at least 1.02sl>. The optimum molar ratio of CusP is ls3. 

P ratios lower than this the cupric potyphospha t e tends to 
olubilise so rapicjly that reaction control may be dlfficu^^^^ 
problem is overdome at the CusP « 1.3 ratio- Higher ratiosa 
of *P may also be us0d but are of so particular advantage. alji 
oiblieir s&tages of manufacture are as described above for the zAnti^r^ 
fr^iiJiliyi^r. Polymerisation temperature and period of heating ai^e/ 
elqu3ipmer.1t dependant, generally lower temperatures are reqUi^Ved 
imz.. th^e z Inx; cjDmpounds - Wh en the reac t i on^ is carri ed qUt i n 
(Fnjfflt? furnace 250 -300 C is optimum. Polymerisation i|te stopped 



be 



fd»re insolubi lisatipn in the acids and comple>;ants occurs. 
<iki) Iron fertilizers 

* Starting materials include oxides ( eg -hemat i te ) , 

<::.>:|yhydrQ>iides < eg . goe th i t e ) , sulphate or chloride form of ferric 
iron metal (egj-iroh filings), ferrous sulphate or ferrous 
ahlLride containing ! up to 69.95;, 62.8%, 27.9%, 34.4%, 9^7.9%, 
3<fi|.-?'% or 44-9% Fe respectively. The iron raw material is added to 

pNr^Bphoric acid ( containing up to 60% P O ) so that the molar 

r .. 2 5 

ratio cf FesP is at least ls3 <weight ratio lsl.67) where ferri^i 

compounds are used and at least ls2 (weight ration Isl.ll) where 

iron m€?tal or ferrous compounds are used. The optimum molar 

-s;tio of F-esP in the case of ferric compounds is ls3 and in case 



i] 
i 



of! -ferrous cdmpoundB it 1b 1*2. All other reaction parameters are 
broadly as described for the zinc fertilizerB. Polymeri»atidn , 
hoUver, occur&l at a lower temperature than with the zinc 
phittsphateB and t|.e polyphosphate formed is also more insoluble in 
dilute acids aU cOmpleMants. Iron fertilizers prepared with 
additives have I improved properties-, magnesium oMide is best , 
suited for this purpose. The optimum molar ratio of FesMg is 1.3. 
When MqO additive is used, the amount of phosphoric adid is also 
increased. Thus, for every mole of Mg , at least 2. moles of 
phosphoric acid are to be added <M9:P=1.2). the mixture of iron 
salt, '^magnesium and p.h.=3sptoo.ri.c .acid heated at above 

1150 C as described for the zinc fertilizer. Reaction is continued 
at "least tillia viscoCs gel is obtained and little unreacted 
.material remains. This material is subsequently polymerised, by 
heating at any temperature above 200°C, whereupon iron magnesium 
polyphosphate \ is obtained. reaction is optimum at 250^C, 
..hereupon i ronj magnesium polyphosphate is obtained reaction iB 
optimum at 250^, However, depending on the nature of reaction 
and heat . contact period, reactions may also be carried out at 
higher temperatures. The polyphosphate with maximum solubility in 
the testing reagen ts <0 . 1 N HCl , 0 . 33 M c i t r ic acid, 0.009 M 
DTPA) chosen. It is subsequently neutralised with ammonia 

solution or with magnesium oxide in the presence of sufficient 
,.ater to allow the neutralisation reaction to occur. Any basic 



cDmpound may be used but magnesium oxide gives the best results? 

the finiil pH of the slurry should be between 4.5 and 65 the 

optimum pH is 5,4„ the neutralised material is then dried, at 

^ 00 
temperatures lower than 100 C (preferably at 60 -80 C) , finally, 

it is ground to a powder which passes through a 100 mesh BS 

s i ]e V e « ■ 

<iv> Manganese fertilizers -^i; 

Starting materials include managanese ,#|lbMd© or 
manganous oxide or sulphate which may contain up to <S^,J>;, 
or; 36.4y» Mn respectively. The manganese raw material is aQl(^||;,t0^ 
phosphoric acid such that the molar ratio of MnsP is at least ls4 

• ' 4+ 

<w(?ight ratio MnsP l 52.26> when Mn is used out. The optimum 

4+ 2+ 
molar ratio of MnsP is l84 <with Mn ) and is 1 s2 <with. Mn 

Ai:i other reaction parameters are as described for the zinc 

fertilizer. The manganese salt (preferably manganese dioxide), 

o 

is mixed with phosphoric acid and heated at 150 C or above, under 
vat:».<um or under normal atmospheric pressures until at least a 
thick viscous material is formed. This may contain a small 
amount of unreacted particles. At this stage, manganese 

dihydrogen phosphate is formed. Further heating of this compound 

o 

at temperatures above 200 C produces manganese pol yphosphat es - 

o 

Optimally, the reaction is carried out at 300 C. Polymerisation 
is allowed to proceed till the compound retains its solubility in 
th(> testing reagents. Manganese polyphosphates have high water 



sdliubil ity . To '■ reduce water solubility and improve phyaical 
characteristics of the product, mancianese polyphosphate is 
•further neutralided with a basic compound such as lime, ammonia, 
magnesium oxide, |etc. to a pH between 5 and 6. Best results are 
obtained with njagnesium oiide and a neutral isati;bn pH of ^-^v. 
Pol lowing neutrailisation, the product is dried end sieveiJ»'^; 
Apiart from i ron ^ which is a micronutri ent , the f ef*t i 1 ize>' ' also 
contain©. nitrogen or magnesium, both of which are also 
micronutri ents arid add to the value of the fertilizer, 
(v,) Cobalt fertilizers 

■ Htgrt i'^rPw m.Bte»r.*a''l«s- incAu^ie. cofoaLtou^ o>ride , suUph^^^^^^^^^ or 
chloride which j may contain upto 78.6'/, 38.0% and 43. 3>; Co 
respectively. jrhe cobalt raw material is added to phosphoric 
such that the i molar ratios of CosP is at least ls2 (weight 
ratio CosP = 1;:1.05). The optimum molar ratio of Co:P is ls2. 
All other reaction parameters are as described for zinc 
f e-rt i 1 i 2: ers - j 

<vj) In arj embodiment of this invention, additives such as 

alkali or alkaiine earth metal compounds are used for improving 
the solubility of the micronutrient polyphosphates in acids and 
complex ants. 

Additives are useful in improving the solubility 



rhtiiiracterisbics bf a polyphosphate, part icul arly those of tho 
trilvaleiit and t^travalent metals. Thus Fe polyphosphates 
r*?p!:idly form highly ins>Dluble polyphosphates and arresting the 
reaction at the lidesired stage may be difficult- In such casetia 
thei use of additives is advocated. 

.i^:'' *■ ■ ■ 

' Startinig materials are any of the matei^.ials described 
earlier; To tNese? magnesium oxide or carbonate, potassium 
i hydlroMide or carbonate or sodium hydroxide or carbonate is. addied 
; sud:h thait the mplar ratio of the metal ion, M : additive is at 
any levf?l from 1: or higher. The micronutr i ent compound and 
• th<? additive are j added to phosphoric acid whose jprpporf ioh Is IW- 
excess of that j described in sections <i> to <v). This excess 
ampunt is in ci)rder to compensate for the additive. Thus, 
optimally, for each mole of divalent cation additive, 2 molesH- of 
P is added in ex<l:ess as phosphoric acid 5 similarly for each mole 
of^ monovalent cajbion as additive 1 mole of P is added in excess. 
Thie reaction i^ carried out as described earlier for zinc 
. f eirt i lizers- i 

(vii) : In a further embodiment of this invention 

f erti 1 izers are prepared containing multiple micronutr i ent 
formulations. 

Two or more types of micronutr i ent starting materials 



arre taken in any, desired proportion. Additives are also added as 
described in se,ction <vi). These are added to phosphoric acid 



i«>h>ich is taken 



in a proportion as mentioned in sections <i) 



b o 

<vii>.' The reac^tloh is then carried out as described in section 

The principle underlying the production of siow-release 
.ndcronutrient fertilizers according to the process of the present 
invention, is that u.hen metals and their oxides, hydroxides or 
c:arbonates are heated with phosphoric acid, and water is removed 
f,rom the reaciting mixture, the dihydrogen orthophdsphates are 

for reaction, ^eating results in loss of water and some sulphuric 
hydrochliric acid leaving a residue of mixed 

iphates/chloiiides and orthophosphates . On further heating the 

1 .„i-.»«nKai-B c^hsins are formed which have 
polyphosphates^ linear polyphosphate chains 

-P-O-P-O P linh:ages. The negatively charged O atoms on the P-O-P 
chains are th^ sites to which micronutr i ent cations like Zn , 
CU^", Fe''\ et|:. or h" ion is attached. The cations with double 
Ir triple chalges may also cross-link adjacent P-O-P chains to 
form a 3-D structure which may have low solubility in aci^ds and 
complexants. For this reason additives like Mg , Na , K etc. 
help in reducing the number and bond strength of such cross- 
linkacjes of P-O-P chains and thereby improving solubility 
Characteristics. Polymerisation is not allowed to proceed up to 



or 



. „K»*-Ps are formed since 
i ' . very long chain me baphosphates are 

, . a.d the .icronutri en t« in 

^ a.re highly insoluble snu 

iBUch compounds a^re n g ,«,tion is stopped when 

iLhle to plants. Polymerisation is 
:the.f. are not BvaMable H ,«pdand the products 

, . i arP not fully polymerised and 
ithei polypf^o^P*"'^^*^ ■ comple«ants. 
' 1 Hilitv in dilute acxds and 

i.sh<:,..i good solvability contain nutrients 

•U these solubility parameters con^ 
Polyphosphates «Mipn ^ , „ HsM-t^mH'^'^^^^ ' 

i . •i.Kio for plant uptaKe. JJ^J^^K^-jfe:,^--;;'!-*!;^,. 

i,, a form thatiis available for p i^g^lfe-jSte^V ' 

. are of incompletely ! . 

: polyphosphate H.hich „.esi rable^^zha^nBcterist ic#-| 

H «cidic. Both these ^'r^d<s^^rBb.i^ .. .. 
, ..,.o.0opic - .ons X.l|,, Partia^ 

-e,to ^^f ..ain, Neutralisation of such a.,d) 

groups -ith bas^s, renders ,,lubillty of the 

ti: also reduces the water 
noh-acidiG. If ais« 

ate. : ■ ■' . 

a .substantial improvement over> 
TMs ^invention presents a sub .......el ease 

« for the production of 
previous processes initial reaction 

I 4 -n-.erc= in this process, tne 
.nicronutrient |ertilx.er... • ^,id is carried out at 

.etween meta compounds and phosphoric ^^^^^ 

' ISO C to spetd up the 

,,„p.„ture» .a.=ve ^ - ^^^^^ p.o.phor.c 

i«=\0 i® close 

moisture. Since therefore, for purposes of 

very slow and, therefore, 

. .e; =4r>i-o the procBSS IS signi 
appropriate since tne p . 



non-ac id i c 
polyphosphate 
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,nc.ude. t.. n.. conc.p* th.t, t.e extent to ,.hich .ny 
„.tUo„utrient phcphate should Pe poly^eri-ed i. lin-ited by , the 
„„,*ility Of poayph..ph.te product in dilute e.id. and. 

,d,.ution. o. 4p— n*»- .ny =uit.Pie te»,per.tu., ePov. ■ 

..y be Uo.en for producing tn. po.ypno.ph.te end the, 

J =r,w «t-ac.e before insolubi 1 isat ion m the 
reaction is stepped at any stage betoi 

aforesaid reagents. 

ftccordinaly, thi. invention provide. ..p,-oc«. for the 

. . ^ . rs-f al l cat ionic 

p:P<.duction of slo^-release fertxlxzers of. all 

. • in single- or multinatrient forms. The products; 

micronutrients,; in singie 

- - i ^„,7;i;iiitv bat^H-ff" "nAa*^**-^*-® --^'^^ ^" * form 

have low watesr solubility ouv 

L THo fprtilizers are also non-toxic, non- 

available to pilants. The fertiH-eis 

„«<.v to apply and e>ihibit improved fertili^r-use 

hygroscopic, ?asy to appiy 

efficiency. 

^ * nrocess is the significant 

The main advantage of this process 

*,,r. *-He initial reaction stage 
reduction in : production time for the 

Lr,ric acid and micronutrient compounds. Another 
between phosphoric acia anu 

,dve.t..e Of Itn.. pro.es. is tHe .i.pie tecHniou. of ....s.in« 
.n. upper lin-iit of poiy^eri.et ion hereby the pro.es. is rendered 
.«tr.»ely fiexibl. a. re,.rds choic. of te.peratur. -r 
poly»..ris.tion end component, in reacting fixture. Thus, 
„.de r,n,e of starting .ateriais ..y be used in .idely ra.«in, 
proportions and tb. polymerisation can be carried out at any 



for 

a - 
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in a 

.ash 



...cH.a... pnoce^. on ..e e f^^ 

,e„er.y input. th.r. aia pr.vioue pr.c,i«.;|S3lj. 
,,,pt.bl. to . 4ide r.n.e .icron.tri ent fo^ul.tion.. 

The invention «ill now be explained are>te»; ^ ^det.i 1 
„.th the. help of , the following non-1 i»i tine, ,..M'- 
ei.aiiipl.es>, for zific fertilizer 

Example 1 i 

Pho.p*,oric .cid (containing 52/. P^O^ »ai. ta.en 

V . , '.. Vteil " tray.' To 16» 9 of Vhe' atW S« a of^ 
<.pntainin« 74.1. Zn, added. The material »a. allowed. o 

.tend. for,3« — - ^ ^ ^ ! 

^^^i-i The mi^tture wa<s then put 

j: J.*.-*ll'ir- :yinc With aClU- irie in.i..»v 

reaction of metallic, zinc wi 

„„ffl.: furnace at 17«°C and heated until a mostly dr.ed 
product ..3 f[.r»ed which i, .o.tiy Zn.H^PO^.^. The temperature 

1 

.he furnJce „a. increa.ed to and th. material w.e 

further heated for.« «.in. Preli.in.rv trial, had .hown that 
heatin, beyond thi. period to 7« »in and .ore r.,ult, in the 
formation of polyphosphate, which are not completely soluble in 

4^ »r,rt « 005 M DTPA. The solubility ot 
0 IN HCI, 0.33M citric acid and 0.00^ 

\. H«*. was tested in these reac,entB 50.59 of the 
the polyphosphate was resTj ^ 

n * Ho is« ml €1.1N HCI, 40 ml n 
polyphosphate dissolved m 15^.' 

. ml « 005 M DTPA within 15 

citric acid and o50 ml 0.00- " ^ 

(n> of the polyphosphate was 
average chain length <n> of rn 



iij Thei : polyphosphate WEB allowed to cool to ambient temperature it 

P j ■ i . • . . . ' 

jwasl made into a p^ste with water and 58«5 ml of 25X NH solution 



i KtfitS! added to it. The pH af ter neut r a 1 i sat ion was 4w0. The slurry 
was; stirred and djried in an oven at 80 C. The dri ed, mater i al if>as 
IgroMnd in a mortar and sieved through 100 mesh B^a. 



The material thus obtained had the composition 21% Zn, 

i 

i 19. i% P and 5.1*/; N. In 0.1 N HCI , 0.33 M citric acid and 0.005 M 
DTPA, the Zn in it is almost 100% soluble. About 7.^% of the Zn 
j ; in it was soluble in water« The fertilizer remained undissolved 
■ in water for several months. Field trials with the fertilizer 
j ; i3>ho;wed that 1.14 kg Zn added as this slow-release fertilizer 
I increased the yijeld of paddy by 400-600 kg/ha in the first crop 
I and to a similar extent in the second crop (residual effect). The 
requirements of this zinc fertilizer are about one-fifth to two- 
fifth the normal recommended dose for zinc sulphate. This 
fertilizer is also very effective in soils where zinc sulphate 
. «i>hQM;s little respionse. 

* Exqniple II; 

The entiire process was the same as in example 1 except 

that during neutralisation 82 g CaCO was used instead of 

3 

ammonia. The composition of this sample was 19.5% Zn, 18% P and 
9«6% Ca. 



E>: amp le I II 

i the «ame as in Example I except 

The entire process was the same 

I n«.»tion 46 Q KOH dissolved in about SC» ml 
that during neutral xsat ion 46 Q i-.un > 

ju,at:er was used mpead of ammonia solution. , V ' . : 

! Exd-mple ' IV . . 
i ..»- t-hP same as in EKample I except; ,- 

! The entjire process was the same a» 

\ .... =«i<.e Icont.inin, 70. Zn, u..a .n,te.a .in. .J.^ 

: 4 ..7% N. - 

\ ■ e>i8nWl'®""^ -j- . , . ... 

i u)a«^ the same as Example 1 except 

The entire process was 

.H.t .et.Uic line <,.n. .u». cont.in.n. ,.o.,t Zn> ... u... 

=t .inc!..h, .*.r«n, ™..e.i... . zinc .u.. 

. ^ -^l A09 Q Of phosphoric acid containing 52/- P fc^ - 
was reacted wit|i 40v g ot piiw. k ^: d 

EKarnple VI a 

^ • o-Tv P o was taken m a 

Phosphoric acid containing 2^/. P^O^^ 

tr, 370 Q of the acid 50 9 of zinc ash 
svtainless ste^l tray. To o7fc» Q or ^ ^ ^ 

i M T4- MBS allowed to stand for 

^ -74 ly. Zn > was added. It wb» ai^ww 
(containing 7:2. I A in / w . 

3« ™in ton ..e ...t.in. *o ...M... T.i. .u....u,n..v 

. Th. furnace temperature was then increased to 
u-as almost dry. The furnace Tjemw 

° • , Heated for 90 min. solubility of the 

300 C and the sample heated for 



wi thin 

1^' i i ni^o ^^^^ ^^^^ 



. • « 1 ivj HCI 33 M citric acid and 0.0^ M DJPA 
^.as^tested. The polyphosphate dissolved in these reagents 

,nin. After cooling to an,bient temperature it -^^^^ 

.,th ahout>. .Later and .B.. .1 of 2.. a#^K -lution 
L.. added to it. ThepHaft.r -ut ral i sat ioh^^.^^^^4. 0 . - The 
.a^erial .as dried in an area at C ground and ..^m^^m^mm^ 
n.esh B.S. The material thus Obtained, had the composition ^ 3 
...v. Z., IB... P and ..5.. N. Other characteristics .ere .imU^ ■ 
L to the fertilizer described in Example 1. J-^ 
Exiample for copper fertilizer 

E'.>: ample VII j 

" , Uric hydroxide <cont.-intnc, S3.6« Cu, t.U«^ 

.\„ .po..el,.n disH. TO t.l, 38 , Phosphoric .cid Ccontainin. 

=.HH«ri The molar ratio of Cu:P was, 'thus, 
46.4*/. P O <w/w)] was added. Tne moiai 

2 5' o 
1.5. Th. m.ture ,..s placed Ih a muffle furnace at 180 C till • 

...ear viscou, Materia. obtained. Thl. ,-a. f-*'^" ^""^ 

2b/c for 1.0 4ln. The cupric polyphosphate ,-a. tested for .t. 

■ ^ ^ tr. h. soluble in fl. IN HCl , «-33 M 

sblubllity. It; was observed to be soluble 

..trie acid andi«.»5 » DTP« within 3« .in. The sa«,pl. was ».de 

into a Slurry w^itH > -'^ - — — — *° ' 

„H solution .about 8 -.1,. » wa. then dried in an oven at. 



80°C, ground and sieved through 100 mesh B.S. 

The fertilizer had the composition 13.6% Cu, IS-.^V. 
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and; ih,:3% N, It had an average chain lenqth (n> of 2.65 and 5«2% 
of f^attel Cu was #bluble in water. > 

The malferial remained stable in contact with water for 
seyleHal' months i. jt was completely soluble in the di ^iti?', ac^^ 

compl exants mentioned above. Plant growth tf|:alk; with paddy 

i ■ '.V 

showed- ©ignif icar|»t increase in yields over the cofttrdi at dosageis 

as low as 2.0 kg/ha Cu; at this level copper suipJHikte 

result in any yi^ld increase. 

1 i : i . i • \ ' 

Exh^nple " VIII i • 

■ * 10 g ciitpric chloride (containing 36,5*/* CCt)V Was taken in 

. . i " 

a r^drcelarih cfu^irble. Phor^t^f^ir^ s (x:'orrt"a^in''3;nQ ©0^ p -8- > M*ja"«5r- 

i 2 5 

added such that phe molar ratio CusP was ls3 <24.5 g acid added). 

j ■ . ■ o ■■ 

The crucible wa^ put into a muffle furnace at 170 C and heated 

till a' dried substance, was obtained having a light green colour. 

: o 

This was again jheated at 200 C for 30 min. During this period 
samples of the (fjolyphosphate were periodically taken and tested 
fo'r t-'helr sqlubijity in 0,1 N HCl , 0.33 M citric acid and 0.005 
M t)TPA. The sarjr^ple was removed from the furnace at that stage 
wh^h the material begins to solubilise slowly (within 30 min) but 
insoluble materials are not yet formed. The average chain-length 
<n) of the polyphosphate was 2.5. 

The polyphosphate was cooled to room temperature, made 



tnt^ a Slurry . ^e. drops of ,».ter .nd then neutralised ,«ith 

e».onia solutU upto . pH of 4.0. This dried in .n oven 

a, 7ei°c, pondered! .nd sieved through 1S0 mesh B.S. 



To 10 



g cupric carbonate (containig 50V^*X Cu) 24 c, of 

H liiA AV P o ) was added so that the mQl.ar ratio of 
phosphoric acid t46.4/. > 

C„,P =. 1,2. ThU Pl'"=' " f"" '"h 

h..ted till Blnist dry. This «es further he.ted at 22. C f»r.V>4« 
the r.»,aiUn9 procedure is the same as that d^sr^ribed .n 

E>!: amp le VII- 

BlsnipTe^ fSt^ tmri- #^e/i^^^.xer ... . ...... ......... ...^ .... 

Ek ample X 

The starting material «as synth.tlc goethite C 
F,n<DH,l contaliina sm. To 1«0 , of phosphoric acid .containing 
-„.7-/. u,/^ of Pio ,, aoethite and 13«, magnesium oMide ..ere 

added and the mLLr. «as stirred. The amount of phosphoric acid 
ta..n ...as such that the F..P molar ratio was 1=3 plus an excess 
„mo.,nt such thjt the Mg.P molar ratio as 1.2. This «a. placed in 
.muffle furnaie in flat trays .ss 316t> and heated at .80 C till 
almolt dry. The temperature of the furnace «.s 
,u..e,uently iicreased to 25«°C and the sample ,.,.s heated for 1« 
.in. solubility of the sample ~as tested at periodic intervals. 

«.1N HCi, «.33 M Citric acid, and « DTP«. Solubility of 

the polyphosphates in these reagents increases »ith period of 



hq-ating, reachejs a mawimum and disclines again. The ideal 

pcUyphbsphate ijould be around the region of the maximum. Water 

the polyphosphate and the material after 

were also tested; polyphosphates haying, lowest 



I 



solub i 1 i ty of 
n (jut ra 1 i sat i on 



wkter solubilitj are preferred. Thus, al though -the- • polyphosphate 

■ . ■ o . ■ i-.^ 

obtained after heating at 250 C for 10 min and 20 min ..have . 

Bsimilsr . solubijities in acids and comp 1 exants , the neutralised 

products of thei former has much lower water solubility than that 

. . ■ ; • o 

oif the latter, jrherefore the material obtained at 250 C after 1^,. 

min heating wajj preferred. The weight loss of the p^o^ yp/iosph ate 

b^flbn 



at thi's - s^.ag=ei,.ls ab.ou4.„^^^^^^ in the reac 

Z" A 



mi X ture 



This correspond 



to 53y» polymerisation. 



The polyphosphate is cooled to ambient temperature, 

made into a pa^te with water and neutralised with dilute ammonia 

-nlution (contlalning about 12.5it NH ) till the pH of the slurry 

I 3 
was around 5.4;. This required 1.751 of 12.5% ammonia solution. 

o 

The slurry was stirred and dried in an oven at 70 C, it was hand 
ground and sijeved through 80 mesh BS. The fertiliser was 
completely soluble in O.IN HCl , and 0.33M citric acid but only 5% 

UJBB s>o:iuble in iwater. 

Em ample XI ; 

The entire process was the same as in Example X except 
that magnesium oxide was used for neutralisation instead of 



,J*., solution,: c.,e the pH t.. eoXutlon .-ed ■ 

hPStied to 60 C and stirred for one hou, . 'm^r-- 
pribceseed as desctribed. earlier. ,• ^ 

• / ^ The product contained 3.7% Fe , ^^^^^-M 

Had a .ater .oluHility of around 0.1%. OtHer. para^^t^rB-^Wre 

th!B same as for fex ample X. - ■ ....^^aO 
Exampl e XII 

. ' r Th. P-4,ce.s i. ....nti.lly th. ..™e i^ie«ampl.. X .nd 

-rn.t.W'-B-f syr!****- - .»»*tt,iA.- AS»9 n.tur.l 

„.,„e,.i.™. oxideUnd pho.ph=,-ic .cid .containing 3,.7« P^O^,. 

...e ™i«.d Ud proce...d a. described in ^E«.».pl. X. 
P„,,„.M„«=n,: in tHi. c.,., carried out at C .or »in 

1-4 po in the reaction 
,-K4. loc:;^ of about 7g/l^^^^Q H PU m 
till a weight loss ot csw 3 4 

v.ht«ined The polyphosphate ..as neutralised ^.ith 
mi>rbure, was -obtained, me h 

.,»™o„i. soi.t^on i..= U - . P" - — 

..p.e,uen.iy pUe-sed a. in H..™pie X. THe prop.rtie. o. .He .»o 

materials were ; simi 1 ar . 

Example XIII ' ^ _ 

..89 -..nane^e dioxide .pyrolusite, containing i..4X 

„,i.ed »ith =8«« Of Phosphoric acid containing P^a^<Hn = P 

. .h. ™i>-ture . 1.4). Thl» uiae t.K.n in a porcelain 

ratio in the mi>tt;uie 



Irrnqiible. and heated at 170 C till a thick gel-like material i^as 
ifofrlned. ' The temperature of the furnace was raised to 300 C and 
Ithei irruiribie was jjept in it for 50 min. Thereupon a dark purple, 
IhsrM solid was f<j)rmed, which had the maximum solubility in- the 
' tesii-jiinc,' reagentsi The corresponding weight loss was 15.4g/100g 

H PD in the |-eaction mixture, which proddlfs about ^^y* ^ 

poliymeri sat ion . \ 

; ■ • -. c>i:^'^ ■ ■ 

The polyphosphate was cooled to ambient tempei^ature , 
made into a pastej with water and neutralised with ma^n,risium oxide 
to a pH of abiout 5.3. About 400 c, MgO was required? after 

; o 

addition the *siJf?y wSs sttri^''-S>H?W for about ei^J^e, h«w£^ for 
completion of l|he reaction. The material was dried at 70 C, 
ground and sievdd through 100 mesh BB. The fertilizer contained 
7 Mn, 35.3'/»P 0 and 29% Mg . Solubility in water was about 0.1% 
but in 0.1 N HCl and 0.33M citric acid it was soluble to the 
extent of - about «f0-95>i. 

I 

10q colialt oMide was mi>?ed with 51q phosphoric acid of 

50=// strength to i,xve a CosP ratio of 1:3. To this 67. 7g potassium 

hydroxide and a further 170g phosphoric acid were added to give 

o 

KiC.o=10sl and KsP = lsl. The slurry was heated at 180 C till dried. 
This was further heated at 250 C for 30 min to obtain the ^ mixed 
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pojlvphpsphate Pi potassium and cobalt. The polyhdsphate u.a«. 
,:::uLiled'%o ambient temperature, made to a paste with water, and ; 
.neMitralised with potassium hydroxide to pH 5. Subsequent 1 y • it wai^ 
grbuhd- with a hand mortar and sieved through 100 . mesh. The . 
felrtilizer was Completely soluble in 0.1N HCl and/0.33 M citric. 

aciid . ; ■ 

EHnlmple XV ; 

100Q l»atural goethite and 100g manganese dioxide were 

mixed with l.dAl phosphoric acid (containing 405; ^^^l^.Cj^ 

; ^ O-.-' 

mixture was put jinto a muffle furnace and heated It' 200 C for 50 

min whereupon! a mostly homogenous gel ^was obtained. The 
temperature of the furnace was raised to 350°C and the sample was 
heated for 30 min. Optimum polymerisation was tested as described 
in the previous Examples. Subsequent processing was done as 
described in E|.ample XIII except that 900 g of magnesium oxide 
,.as required [for neutralisation of the polyphosphate. This 
fertilizer conLining both iron and maganese, has low water 
solubility <abiout 2%) but -high solubility in dilute acids and 
cbmp lew ants. 



WEV CLAIM 
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A pr<pceBs. for preparation of ©low release cationic 
m:L|i;r;rdnutr:ient fertilizers, which processes comprises heating at 
1. ei 



. i - L ^ . . such as herein desG'ribed 

ast i lone . micronutr i ent metal or a compound thereof^ with - or 



w i'fihbu t add i t i v 



such .as herein cr* 
s^ with phosphc 



heireift described 

oric ac id t i,l 1 the resul t ant 



, . : the cortesponding 

oviixture is mostly homogenous, further heating: to formA^meta'l 

Pt^'typhp^phates bf such a degree of polymerisation that they arel 

3t:ili soluble in dilute mineral acids and comple>iants, treating 

saiid metal polyphosphates with a basic compound and finally 

obltlaining a dried powder. 

A process as claimed in claim .1, where in ,t|\^t/j^K^sphoric 

acid used has a ::oncen t rat i on upto 60% P O by wei^^t- 

j 2 5. 

The j3rocess as claimed in claim 1, wherein the 
phosphoric acidj used has a concentration of 30 to 60% P O by 
weight. 



4, The 
miicrohut r i ent me 
cobalt.. 



process as claimed in claim 1, wherein, said 
tal is selected from zinc, copper, iron, maganesej 



The process as claimed in claim 1, wherein the 
micronutrient mejtal of the o>j ide , hydros i de , chloride or sulphate 
the of micronutri eht metal is used for the reaction with 
phosphoric acid. 



process as ciai„..H 



''^^"-^ heating ^'^^-c, to the 

'/^e process as 
"^etai cati^ aimed in claim . 



s. , _ 

process as ci. 
'^atio Of i . Claimed in clai„ , 

metal ratir. ^^aim i, 

♦ . ' *^°"«additi.^» 

^••i^. ; . °^tive cation is 

i . 

^fe process as cl / '^'^^ .. ^.V^^ ^ 

, . .. .... . J. ^'^i'^' used ,for« ^. ' '^'^ene.m the 

metal or => '^^^ tinb ^. 

produce the dL -°'"Pound thereof • ^ ^ ^ 

4^--..en Phosphates Of ^-..cient .o 

-^ip-e.sascia- 

">ole r.* maimed in «-!<»• 

metal Claim 1 ,„i, 

ion, m : ' "'f^erein fr,,. 

' ' the reaction, ^''^^>' 

°" "ti-vture, th6 



proportion of 
Where n 



<^»notes the " *i<nBs that of 4... 

""e valance of *.k t*^® 

^ Process as cj»- 
^•Irst r,* Claimed in claim i 

""on; pp,,^„ for 
— " ^« —oonta.„,„, , °' 
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i .1 least 4 P ^ P-'-Pho.i. 

. ; j. ,,• moaes p IS added. 



•fUjrpt. step • 



process as claimed in claim t 

*ii Claim I, wherpin 
of ho»*- . during the 



^^PPP^then .n additional a . ^^--an additive /is 

!;. aitional amount of phosphorir ^niM 

p;ua,ltities sLch that M ■ - P^°'^^^-<=^<^ ^-,.;.^i.^^aV 



Jthe valance o,f the additive cation, m "" 

. i A 

13. 



Q -IS carried out ^ ' 

above r urtHor. . ^ temperature 

^ C ur^der mostly a„^^ 



14. 



A pr 



ocess as claimed in claim 1, ..herein th. . 
-atin. .i.H Phosphoric acid is carried out 
-ove or .elo.; l..°c under vacuum. 

A process as claimed in claim i » 
•^'urther heating ^ . <=laim .therein step of 

.aeajiim. to formthemetair.-^, 

„ metal polyphosphates 1«= ^ 
£t: temDera+-..,,» ^ ° <»vbs is carried out 

^empei aturei^ above 200 c. . 

A profcess as claimed in claim ^ 

" in Claim 15 wherein 
further heatingi to form tH . ^«^^.^n, the step of 

■ - '"^^^^ polyphosphate is carried o. . . 

a temperature ir, o „ carried out at 

ature in the range of 250 and 350°c. 



17.. 



A process as claimed in claim i 

Claim 1, Wherein the step of 



^ ' itofor^m the metal polyphosphate IB carried out 

further he.tvng; to form .educed 

r^r-r-urs and the compound snous 

.tiM ' ii^diymerisBition occui s ana 

;.fe|xliubiltty in w^ter. 

ni i ^ ,l3i,ed in elaim 1, -herein the step of 

U., A process as claimeo * : 

'n': ■ Uo for» the .et.l P=lypH-P''»*" :°- 

*° * • ■ .,,„,tv in dilute ..ide 4nd 

^jfrr Jhe prod uct sho»,s hl9h sol""' I >'y 

j, «pJoce.. a. c..i.ed in cl.i- 

- , «lo to for™ the .et.l Polyph..pH.t^^ A» 
,:,,,.her_he^tT» , , ...ohk i tV , in- dil.t* 



iipio the pointj-«here the upper l.n..t of .t 



.elds snd con.ple«.nt« is reached. 



« p^oce.s clai"- « . N hydrochiorie 

- r-r:::: ::r::;: 

acid, 0.33 M citric acid and/or 



pentaacetic acid) 
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A 



of neutral i 
rnagnejsBium ox 



claimed in cl.i» '''' 

process as ciaimeu 

M caoch as ammonia, lime, 
«tion, a basic compound such 

potassium hydroxide is used. > - . 



jide 



_, rlaim 1, wherein the 

r-laimed m ciaim 
A process as ciaimeu ^ , » 

out after addition of water to form a 
neutralisation is carried out aft 

paste or slurry. 



iii 
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23' 
o-f- 



procN« .. Claimed in cl.i™ *erei« for tn. step 



lliii.ns.tiorj the PH of the Blurry 1. above 4, 

f^^^ i' « pr.t"»- a. cl.i».ed in clal-n 1, "herein the pH of : 
J^iitR.llBation is between 4.5 and S.5. 

« pr4-» " Claimed, in claim ., herein fpr the .tep , 

or ii.e. the reaction „i>,ture i. .tirred and warmec,. 

uiHPi-eiri the reaction 
A process as claimed, in cla.m 25, wherein l; . 

° ' • 

mllture is warmed to 60 G. , . .. 

^ 33 claimed in claim 1, ..herein the product 

' . . .^^ +.411 it i® essentially 

frp. the step neutralisation xs drxed txll at 

free of moisturfe- 

« .s clai-d in ciain, i. .-herein the product 

of neutr':ii..tion r.-Srieff ir „We.ra*»r^-*-i««S- 



30. 

ground to pass 

31 . ^ 
micronutrient 

ae illustrated 



from the fistep 
o 

t ^oH in claim i, wherein the dried 
A Process as claimed m claim i, 

product is gro^^ind to a powder- 

1 .^oH in claim 1, wherein the product is 
A pr«i)cess as claimed in claim i, 

through a 100 mesh BS sieve. 

± « f-k-f ^ 1 oui-re 1 e ase 
process for the manufacture uf si 

fertilizers substantially as herein described ^nd 

in the e>{amples(s). _ 

O.ted thi. /tfAl ""'""^ 

L. S. DAVAR 8< 
APPLICANTS' AGENT 
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